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Abstract. Dynamics of waves generated by scopes in gas centrifuges (GC) for isotope separation is considered. The cen-
trifugal acceleration in the GC reaches values of the order of 106g. The centrifugal and Coriolis forces modify essentially the
conventional sound waves. Three families of the waves with different polarisation and dispersion exist in these conditions. Dy-
namics of the flow in the model GC Iguasu is investigated numerically. Comparison of the results of the numerical modelling
of the wave dynamics with the analytical predictions is performed. New phenomena of the resonances in the GC is found. The
resonances occur for the waves polarized along the rotational axis having the smallest dumping due to the viscosity.
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INTRODUCTION
Strong centrifugal fields of the order of 106g are used in GC for the isotope separation. Gas in GC does not trivially
corotates with the rotor of the GC. Secondary axial flows are excited in the GC intentionally to amplify the efficiency
of the isotope separation. One of the method of the creation of the secondary flows is the local mechanical brake of the
gas by scopes for the leakage of the gas from the GC. The working gas in the GC rotates with the velocity exceeding
the sound velocity on the factor 5-6. Therefore, interaction of the gas with the scopes is accompanied by the formation
of the shock waves propagating in the axial direction. The impact of these waves on the separative efficiency of the
gas centrifuges is not investigated. Moreover, even the characteristics of the linear waves in the condition of the strong
centrifugal fields are still unknown [1]. In this work we discuss the basic characteristics of the linear waves in the
rotating gas in the axisymmetric approximation. The problem of an unsteady flow in the axisymmetrically rotating gas
is solved analytically. The same problem is solved numerically for the simplest model GC consisting of two cameras:
upper camera where a periodically varying force affects the gas and working camera.
The problem of numerical modelling of the gas dynamics in strong centrifugal fields reaching 106 g is of special
interest. Conventional CFD codes give unphysical results in these conditions on two basic reasons. Firstly, the strong
centrifugal field produces unphysical mass flows at the interfaces between the control volumes. Secondly, the velocity
of the secondary axial flows in gas centrifuges are of the order of centimetres per seconds, in some cases even
millimetres per seconds. To resolve accurately such a velocity on the background of rotational velocity of the order
of 600 meters per second is not trivial problem at the moderate mesh resolution. The group from National research
nuclear university (MEPHI) has developed a numerical code based on the modified Rhie-Chow interpolation scheme
[2, 3] to investigate gas dynamics in these conditions focusing on the propagation of the waves in GC.
CHARACTERISTICS OF THE LINEAR WAVES
Analytical analysis of the characteristics of the waves in strong centrifugal fields is performed in dissipationless
approximation. The viscosity and thermal conductivity of the gas have been neglected. Linearisation of the full system
of equations defining dynamics of the gas in the rotating cylindrical frame system gives
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FIGURE 1. Law of dispersion for three families of the waves in the GC. Only curves corresponding to the radial ground states
are shown for the families 1 and 2. Curve 3 corresponds to the waves polarized along the rotational axis. They have the law of
dispersion Ω= kc
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where all the terms with upper bar are deviations from the equilibrium state corresponding to the rigid body rotation
of the gas. ρ0 is the equilibrium density
ρ0 = ρwexp(
Mω2
2RT0
(
r2−a2)), (6)
ω - is the angular velocity of the rotor of the GC, M - molar mass of the gas, ρw - density at the wall of the rotor, a-
radius of the rotor, T0 - temperature of the gas. Let us assume that periodical along axial direction z wave has the wave
vector k and frequency Ω. All the perturbations take a form
v¯r =Vre−iΩt+ikz, v¯φ = Vφe−iΩt+ikz, v¯z =Vze−iΩt+ikz,
p¯= pe−iΩt+ikz, ρ¯ = ρe−iΩt+ikz, T¯ = Te−iΩt+ikz.
Here Ω - frequency of the wave, k - wave vector along axial direction. Solution of the system of equations gives three
families of waves. Dispersion curves for the waves are shown in fig. 1. They were calculated for the parameters of GC
given in table. 1. Dispersion curve of the first family of the waves is located above the frequency of the conventional
inertial waves [1] and above the dispersion curve of the conventional sound waves ω = ck. All the perturbations of the
velocities in these waves are concentrated near the axis of rotation.
Dispersion curves of the second family are located below the line ω = ck. Perturbations of the flow from these
waves are also concentrated close to the rotational waves.
The waves of the first and second family are polarised in all r, azimuthal and z directions.
TABLE 1. Basic parameters of GC
Iguasu
Parameter Value
M 352 g/mol
a 0.065 m
ω 2pi×1700s−1
T0 300 K
pw 80 mm Hg
cp 385 J ·K/kg
c 86 m/s
Dispersion curve of third family coincides with the line ω = ck. These waves are polarized exactly along the
rotational axis. The azimuthal velocity Vz is connected with the perturbation of the pressure as follows
Vz =
kp
Ωρ0
, (7)
while the perturbation of pressure has rather trivial form
p= p¯w exp
ω2(r2−a2)
2c2
, (8)
where p¯w is the perturbation of the pressure at the wall of the rotor. Detailed discussion of the characteristics of these
waves is presented in [4].
The last family of the waves is the most interesting for the physics of GC. The deviations of the velocity, density
and temperature for the waves of the first and second families are located close to the axis of rotation. They have very
short propagation length due to viscose dumping. The waves of the third family have almost uniform distribution of the
deviations on the radius. They will have a smallest dumping and are able to propagate at larger distance. It is possible to
predict for these waves a phenomena of resonances. Because of large transport length these waves can reflect from the
end caps of GC many times. The GC can operate like a resonator. The intensity of the waves can increase essentially
when the doubled length of the GC equals to an integer number of wavelengths. To check this assumption numerical
simulation has been performed.
Numerical results
For investigation of dynamics of the waves a software for modelling of the unsteady flows in the strong centrifugal
fields has been developed by the group in MEPHI. The results of the verification of this software have been presented
in [5, 6].
Geometry of the computational domain is shown in fig. 2 (left panel). The problem is solved in axisymmetric
approximation. The GC consists of two chambers. Upper chamber with the height 2 cm contains a small region where
periodical in time braking force takes place. Strong heating of the gas results into shock waves propagating through
the inner hole of a baffle. The waves propagate along the rotational axis in the working camera with length 20 cm,
reflect from the lower end cap and return back. Distribution of the pressure in one of the time moment is shown in fig.
2 (left panel). An analysis shows that the waves propagating in the working chamber are the waves of third family. All
other waves are dumped at smaller distances.
The resonance occurs at the length of the working chamber L satisfying to the condition L = λ2 n, where λ is the
wave length and n is an integer number. Fig. 2(right panel) shows the averaged amplitude of the velocity of plasma
over the working chamber in dependence on the length l. The resonances are well visible. The figure shows as well
that resonances repeat at the GC length variation equal to the half of wavelength. The impact of the resonances on the
separative efficiency of GC would be the most interesting and important next step in investigation of the gas dynamics
in strong centrifugal fields.
FIGURE 2. Wave generation in the model centrifuge. Snapshot of the pressure in the computational domain is shown in the left
panel. Dependence of the averaged over the computational domain and time intensity of the waves on the length of the GC is shown
in the right panel.
CONCLUSION
The analysis of the problem of the wave propagation in the gas placed in strong centrifugal field shows that three type
of waves with different polarization are possible in GC. Two types should have strong dumping due to the molecular
viscosity. The waves polarized along the rotational axis has the smallest dumping. Numerical solution of the non
stationary problem of the wave dynamics in the GC shows that indeed these waves are produced at the periodical
braking of the rotating gas. It is interesting that the slow dumping of these waves results into the phenomena of
resonance when natural number of the half waves equals to the length of the working camera. In this case the averaged
energy of the waves increases a few times. It is reasonable to guess that such an amplification of the amplitudes of the
waves will affect the separation of the isotopes.
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